1. Introduction
===============

Atrial fibrillation (AF) is the most common arrhythmia and the incidence is growing as the population ages.^\[[@R1]\]^ In 2010, following the accelerated speed of population aging, it is estimated that the numbers of patients with AF around the world were 33.5 million, with a higher rate of incidence, prevalence, and AF-associated mortality in developed countries.^\[[@R2]\]^ AF is an established risk factor for developing dementia.^\[[@R3]\]^ Much evidence suggests that AF carries a substantial risk of stroke and transient ischemic attack (TIA), and anticoagulant therapy can significantly reduce this risk,^\[[@R4]\]^ but it is unclear whether anticoagulation can prevent AF-related dementia. Normally if oral anticoagulants (OACs) can reduce the risk of emboli which leads to ischemic stroke, OACs treatment are also supposed to protect against micro emboli which cause silent cerebral infarction (SCI) that eventually lead to cognitive decline. However, effects of stroke on cognition have been shown to be variable.^\[[@R5]\]^ In addition, AF may also be an independent risk factor for cognitive decline and the subsequent development of dementia, even in the absence of stroke and TIA.^\[[@R6]\]^

Anticoagulation has become the standard treatment to prevent stroke in patients with atrial fibrillation. However, it is not clear whether anticoagulation is associated with a decreased risk of cognitive decline. One study reported that long-term anticoagulant probably protective against the developing dementia in patients with AF.^\[[@R7]\]^ Another study reported inverse results showed anticoagulants were responsible for higher dementia incidence yet unidentified mechanisms.^\[[@R8]\]^ Then, a meta-analysis did not demonstrate a benefit of anticoagulation in decreasing cognitive decline.^\[[@R9]\]^ Now, a large-scale, population-based retrospective cohort study including 444,106 individuals reports that OACs can decrease the risk of dementia in patients with AF.^\[[@R10]\]^ Though much research on AF-related dementia has been conducted, it still remains controversial whether antithrombotic therapy can reduce the risk of dementia in participants with AF. Therefore, this article attempts to estimate the effect of anticoagulation on the risk of dementia in patients with AF by conducting a meta-analysis.

2. Methods
==========

This study is a meta-analysis, all pooled analyses are based on data in the literatures, and thus no information consent and ethical approval are required.

2.1. Literature search
----------------------

This study was designed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).^\[[@R11]\]^ PubMed, Embase, and the Cochrane Library were searched for eligible studies published up to January 2018 by 2 independent reviewers. Studies were identified using several combinations of Medical Subject Headings and keywords. Only articles published in English were selected. The search terms were divided into 3 categories:

1.  Atrial fibrillation: "atrial fibrillation", "fibrillation, atrial", or "auricular fibrillation" or "fibrillation, auricular".

2.  Anticoagulation: "anticoagulation", "anticoagulant therapy", "antithrombotic therapy", "thromboprophylaxis", "thrombolysis", "warfarin", "rivaroxaban∗", "dabigatran∗", "apixaban∗", "edoxaban∗", "factor Xa inhibi∗", "antithrombin∗", "antithrombin∗", or "anticoagulation agents".

3.  Cognitive function: "cognitive function", "function, cognitive", "cognitive impairment", "dementia", or "cognitive decline".

The references of included studies were manually checked for eligible studies.

2.2. Selection criteria
-----------------------

Studies were eligible for inclusion if they reported sufficient data on outcomes associated with estimation of effect sizes and 95% confidence interval (CI) and fulfilled all of the following criteria:

1.  Patients with AF received anticoagulant therapy for at least 6 months.

2.  The length of follow-up above 6 months (including regular patient visits, telephone follow-up, and medical/hospital records review according to local policies.

3.  AF prior to dementia diagnosis \> 6 months.

4.  Outcome of interest was clearly reported or calculated from the published results.

Studies were excluded if they were:

1.  Patients with other complications which confound the results.

2.  Did not reported data about cognitive decline or only have brain imaging results.

3.  Patients with cognitive impairment before anticoagulation.

4.  Concomitant use of antiplatelet and anticoagulation.

5.  Less than 100 patients.

6.  Did not present original data, or were editorials, case reports, or systematic reviews.

Where there were any divergences or uncertainties, decision was made after discussion.

2.3. Data extraction
--------------------

Two reviewers independently screened articles according to inclusive criteria. Baseline characteristics (country, time period, sex, age, number of participants), inclusion/exclusion criteria, intervention, the length of follow-up, cognitive measures, RR or hazard ratio, and 95% CI were extracted from studies.^\[[@R12]\]^

2.4. Study quality assessment
-----------------------------

The Newcastle--Ottawa Scale (NOS) was used to assess the risk of bias of observational studies.^\[[@R13]\]^ Evaluation scales are categorized into 3 dimensions including selection, comparability, and outcome (for cohort studies). NOS is highly recommended by the Cochrane collaboration and widely used in the quality assessment of nonrandomized studies. A star rating system is adopted to determine the quality of included studies based on 8 items. Star ratings range between 0 up to 9 stars. The quality of each study included in the present meta-analysis can be classified into low (0--3 stars), medium (4--6 stars), or high (7--9 stars). The Cochrane Collaboration\'s tool was used to assess quality of randomized control trials. Discrepancies were settled by consensus.

2.5. Statistical analysis
-------------------------

We used Stata 12.0 software (Stata Corp, College Station, TX) to perform fixed effects meta-analyses using the Der-Simonian and Laird model for summary relative risks (RRs). When the incidence of dementia is low (\<10%), we assumed the odds ratio was very similar to the RR; otherwise we preferred converting the odds ratio to a RR.^\[[@R14]\]^ We referred to hazard ratio from Cox proportional hazards regression models as RR. We chose to use hazard ratios adjusted for multiple factors when some studies reported hazard ratios. If not, we would take full advantage of raw data to yield unadjusted RR. The process of converting raw data into risk ratio was shown in S1 Table. Heterogeneity was estimated using chi-square based on *Q* test and *I*^*2*^ statistic, where *I*^*2*^ values \< 50% and *P* value \> .1 suggest low heterogeneity, and *I*^*2*^ \> 50% and *P* \< .1 indicate high heterogeneity. RRs were estimated using a random effects model with high heterogeneity. Otherwise, a fixed effects model was adopted. Subgroup analyses was performed based on antithrombotic therapy, research design and adjusted for confounding factors. Sensitivity analyses were performed by excluding single study and recalculating the RRs for the remaining studies. Publication bias in meta-analysis is examined by visually checking for asymmetry in funnel plots or by Egger method. All *P* (2-tailed) values \< .05 were considered statistically significant and 95% CIs were calculated for RRs.

3. Results
==========

3.1. Study and patient characteristics
--------------------------------------

Our search initially identified 859 references, of which 226 were retrieved for more detailed evaluation, and 8 articles (6 full texts, 2 conference abstracts) with a total of 454,273 patients were ultimately included in the meta-analysis.^\[[@R10],[@R15]--[@R21]\]^ One conference abstract was excluded for duplicate report.^\[[@R7]\]^ Another conference abstract was eliminated for no sufficient data to further analysis.^\[[@R22]\]^ One paper with subsequent subgroup analyses was excluded for less than 100 patients.^\[[@R23]\]^ One study from China was excluded for the limited data,^\[[@R24]\]^ and the risk of dementia among patients with AF was significantly lower than else over a mean follow-up of 3.6 years (overall were 0.61%/year, no therapy, aspirin, and warfarin were 1.04%/y, 0.69%/y, and 0.14%/y respectively). Patients with AF treated by concomitant use of antiplatelet and anticoagulation were not included in this study. The flowchart of literature search and the process of article selection were shown in Fig. [1](#F1){ref-type="fig"}. The main characteristics of studies included in the meta-analysis are described in Table [1](#T1){ref-type="table"}.
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3.2. Study quality
------------------

Among 7 observational studies, 6 were considered to be of good quality (NOS score 7--9), one of fair quality, and none of poor quality (Table S2). The risk of bias across the randomized control trial was considered low (Table S3). Studies included in this meta-analysis were from a series of international centers and the date of publication ranged from 2004 to 2018. The mean age of participants ranged from 71 to 82 years. The mean follow-time ranged from 1 to 5.9 years. Of 8 studies, 5 were prospective studies, and remaining 3 were retrospective studies. One study^\[[@R17]\]^ reported the effect of antithrombotic therapy (including anticoagulant and antiplatelet) on the incidence of dementia in elderly patients with atrial fibrillation. Two studies^\[[@R16],[@R18]\]^ made a comparison between anticoagulant and antiplatelet on the effects of cognitive function. The remaining 5 reports^\[[@R10],[@R15],[@R19]--[@R21]\]^ only focused on the relationship between anticoagulation and cognitive function.

3.3. Meta-analyses
------------------

Anticoagulation was associated with a significant reduction of cognitive impairment as compared with nonanticoagulation (RR 0.72, 95% CI 0.69--0.75, *I*^*2*^ 11.5%). This reduction was still significant after adjustment for stroke and TIA (RR 0.72, 95% CI 0.69--0.74, *I*^*2*^ 0.0%). In the subgroup analyses, the incidence of cognitive decline was significantly decreased in those treated with anticoagulation compared to no treatment (RR 0.72, 95% CI 0.69--0.75, *I*^*2*^ 0.0%), but the cognitive benefit of anticoagulant showed no significant difference compared with antiplatelet treatment in patients with AF (RR 1.01, 95% CI 0.68--1.50, *I*^*2*^ 46.8%). When stratified by research design, anticoagulation decreased the risk of cognitive decline in prospective studies (RR 0.81, 95% CI 0.71--0.93, *I*^*2*^ 8.8%), and the same was true in retrospective studies. The above results were all showed in Fig. [2](#F2){ref-type="fig"}.
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A sensitivity analysis was performed by systematically excluding studies one by one in turn to identify whether each individual contribution to a significant impact on pooled values. Estimates of 95% CI ranged from 0.68 to 0.84. The result was shown in Fig. [3](#F3){ref-type="fig"}. Publication bias of included studies was detected by Egger regression test and funnel plot. The shape of funnel plot showed no significant asymmetry (Fig. [4](#F4){ref-type="fig"}), and the result of Egger test suggested that no significant evidence of publication bias existed (t = 1.43, *P* = .20).
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4. Discussion
=============

This meta-analysis based on the overall RRs suggested that anticoagulation carried a lower risk of subsequent dementia in patients with AF compared to other therapy. The association would not be weakened and anticoagulation still brings additional benefits of cognitive protection after adjustment for stroke and TIA. Nevertheless, no definite evidence has been brought forward to show whether antiplatelet treatment is noninferior to anticoagulant with regard to prevention of dementia in patients with AF. Both retrospective and prospective analysis demonstrated a protective cognitive effect from anticoagulation in AF.

AF carried a high risk of cognitive decline and dementia,^\[[@R25]\]^ and increases with age.^\[[@R1]\]^ A great deal of research explores the possible etiology responsible for cognitive impaired and dementia in participants with AF, but the exact mechanisms behind this association are less known. Previous research revealed that approximately a third of stroke survivors took a high risk of cognitive impairment in their first month after the event.^\[[@R26],[@R27]\]^ The descending rate of cognitive function after stroke was significantly faster in comparison with the prestroke rate. Recently, a prospective study showed that AF increases the risk of dementia and is associated with accelerated cognitive decline even though the period of low-incidence AF.^\[[@R28]\]^ More and more evidence confirm that the risk of cerebrovascular embolic events is linked to an increased risk of cognitive decline and dementia in patients with AF.

What plausible therapy should be utilized to decrease the risk of cognitive decline and dementia? Anticoagulation protects against emboli and significantly reduces the incidence of stroke and silent cerebral ischemia, which is recognized as a potential approach to prevent this type of dementia.^\[[@R16]\]^ However, a systematic review and meta-analysis failed to suggest a protective effect of anticoagulation on dementia among AF patients.^\[[@R9]\]^ This may be explained by the complex interactions between AF and dementia. Besides, it was also subject to confounding factor, and a limited number of included articles. Previous research has shown that although anticoagulation can prevent stroke, it may also lead to intracerebral hemorrhage, thereby aggravating cognitive decline.^\[[@R8]\]^ A large retrospective cohort study even more recently published demonstrated improvement in cognitive decline in those treated with atrial fibrillation.^\[[@R10]\]^ Our meta-analysis includes this large study and demonstrated suggested a significant benefit of subsequent cognitive function from anticoagulation. Although antiplatelet therapy currently plays a very limited role in the prevention of stroke in AF and most of the guidelines restrict it in this setting,^\[[@R29]--[@R31]\]^ but the effect on dementia is still not clearly understood. Previous research demonstrated antiplatelet drugs could reduce the incidence of dementia in patients with atrial fibrillation.^\[[@R17]\]^ Our results indicated that antiplatelet therapy was noninferior to anticoagulant on prevention of dementia in individuals with AF (RR 1.01, 95% CI 0.68--1.50, *I*^*2*^ 46.8%). One explanation could be that no detailed description of antiplatelet therapy in patients with nonanticoagulation among many studies, which may confound the results. AF has also been identified as a risk factor for dementia, which is independent of stroke or TIA. This is because decreased cardiac output may lead to chronic cerebral hypoperfusion.^\[[@R25],[@R32]\]^ But neither antiplatelet nor anticoagulated therapy contributes to the prevention of hypoperfusion. As a result, we confer that antiplatelet therapy and anticoagulation therapy may not differ in the prevention of AF-related cognitive decline in the absence of stroke.

We explore the protective effects on cognitive function from anticoagulation after adjustment for stoke and TIA, and the result showed that anticoagulated therapy significantly reduces the occurrence of cognitive impairment. The most recent review on vascular risk factors and dementia suggested multiple possible mechanisms might account for the association between AF and dementia.^\[[@R33]\]^ Much research shows silent brain infarcts which contributed greatly to cognitive impairment in stroke-free patients.^\[[@R6],[@R34],[@R35]\]^ As for symptomatic strokes, micro-embolism was expected to be related to dementia. Gaita et al^\[[@R36]\]^ suggested that most microcerebral infarcts detected by magnetic resonance imaging do not manifest as clinical stroke. This may be a potential explanation for stroke-free patients with dementia. Anticoagulation therapy can prevent subclinical stroke, and thus reduce the risk of cognitive decline.

It is common to see cerebral microbleeds among patients with AF, whether they are treated with anticoagulation or not.^\[[@R37]\]^ Oral anticoagulation perhaps leads to an increased prevalence of cerebral microbleeds.^\[[@R38]\]^ This is partly because warfarin users carried a higher risk of associated cerebral hemorrhage in comparison with no antithrombotic treatment. One possible mechanism causing cognitive decline in AF patients is chronic cerebral injury which has been driven by long-term exposure to microbleeds or microembolism. In patients taking oral anticoagulant therapy, how can we make the balance between safety and efficacy? It is critical for the clinician to calculate the time in the therapeutic range (TTR) for warfarin use in patients with AF. TTR is closely related to improved efficacy and safety of long-term warfarin use.^\[[@R39]\]^ The non-vitamin-K novel oral anticoagulants (NOACs) were recommended as effective alternatives to warfarin for stroke prevention and their efficacy and safety had been confirmed in several studies.^\[[@R40],[@R41]\]^ Unfortunately, related information among most studies included in this meta-analysis was not available. More observational prospective studies with long-term follow-up are warranted to confirm cognitive benefit of OACs in patients with AF apart from stroke prevention, and compare the risk of cognitive decline across patients with AF initiating different OACs.

There are some limitations in this meta-analysis. First, mean follow-time ranged from 1 to 5.9 years and varies greatly. Second, although large sample size was included in this meta-analysis, it mainly derived from a retrospective study. As most of subjects included in this meta-analysis come from retrospective studies, we would anticipate that dementia rates would have been overestimated. Therefore, protective effects of anticoagulation against dementia may be magnified. More observational prospective studies with long term follow-up are warranted to confirm the cognitive effect that anticoagulant therapy may help to prevent or postpone dementia in patients with AF. Third, we perform to choose RR adjusted for multiple factors including at least stroke and TIA, a residual, potential, or unmeasured confounding factor which is inherent to all observational studies, is confounding by indication. It may exist and possibly plays a main role in comparison with the no anticoagulation group. Fourth, the meta-analyses were mostly based on observational studies with only 1 randomized controlled study. The result should be interpreted cautiously. Maybe this question is perfectly answered through conducting a randomized placebo-controlled trial with this purpose, but such a study would not be approved due to ethics. At last, there is slightly high heterogeneity that is why we perform sensitivity analysis and subgroup analysis.

5. Conclusion
=============

Anticoagulation is associated with cognitive benefit in participants with AF independent of stroke and TIA. No definite evidence at present indicated that antiplatelet therapy is inferior to anticoagulant with regard to prevention of dementia in people with AF. More observational prospective studies with long-term follow-up are warranted to confirm cognitive benefit of OACs in patients with AF apart from stroke prevention, and compare the risk of cognitive decline across patients with AF initiating different OACs.
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